Abstract Background The majority of studies have reported risks of breast cancer (BC) from benign breast disease (BBD) in essentially homogenous Caucasian populations. Information on breast cancer risk factors in larger, multi-ethnic populations should facilitate the development of appropriate and targeted risk reduction strategies.
Introduction
Epidemiologic studies have shown that women with proliferative epithelial disorders affecting the small ducts and terminal ductal lobular units of the breast are at increased risk of subsequent breast cancer, particularly when the epithelial proliferation is accompanied by evidence of atypia [1] [2] [3] [4] . Risk is increased approximately 1.5-2-fold for those with epithelial proliferation without atypia (risk level 2) [1] [2] [3] [4] and 4-5-fold for those with proliferative disease with atypia (risk level 3) [1, [3] [4] [5] .
Female breast cancer incidence rates vary across racial and ethnic groups. African-American (AA) women are diagnosed with breast cancer at earlier ages and at more advanced stages, and experience a 15% higher mortality than Caucasian-Americans (CA) [6] . Incidence rates have continued to increase in the recent past for CA women (0.4% per year for [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] , but have stabilized in AA women since 1992 [7] . The prevalence of several established risk factors also differs across racial and ethnic subpopulations and these risk factors may contribute to the higher cancer incidence rates in whites compared with other racial and ethnic groups [7] .
Although subsequent breast cancer risk from BBD is known to vary with BBD pathologic characteristics [2] [3] [4] 8] , the interaction of other factors with BBD, excluding family history [2, 9, 10] , on subsequent risk has not been well studied. Furthermore, because the majority of published studies of BBD and BC risks have been based on predominantly homogenous CA populations [2, [11] [12] [13] [14] [15] [16] , our understanding of risk factors in the AA population is limited by the dearth of ethnically diverse BBD cohorts. The Detroit BBD cohort, drawn from a multi-ethnic population with nearly 28% of eligible AA women, begins to address this issue [3, 4, 17] .
In this report, utilizing a case control study nested within the large and diverse Detroit primary care population, we evaluated 34 demographic, histopathologic, and epidemiologic risk factors (Supplemental Table S1 ) as predictors for progression to BC from BBD.
Materials and methods

Detroit BBD cohort
This study drew from a pool of primary care patients within the Henry Ford Health System (HFHS), one of the largest health care organizations in southeastern Michigan. It includes an HMO (Health Alliance Plan-HAP), a medical group (Henry Ford Medical Group, HFMG), and several satellite hospitals. Most patients at HFHS reside in a three-county metropolitan Detroit area that is approximately 33% AA.
Women were eligible for this study if they were 18 years or older, had a breast biopsy performed for diagnostic purposes, did not have a history of breast cancer, and were not diagnosed with breast cancer within 6 months of the index BBD diagnosis. Ascertainment of cohort subjects (before exclusions) was based on retrieval and review (by the primary pathologist) of all reports of biopsies with a BBD diagnosis within HFHS within the period from January 1981 to December 1994. Pathologists reviewed the histology for all eligible subjects within the study cohort using a detailed review form designed to capture a broad spectrum of histological findings. The primary reference pathologist re-reviewed a 10% sample of cases to assess intra-rater reliability. For women with more than 1 BBD biopsy, the earliest biopsy (index biopsy) was recorded, and the diagnosis was based on the most advanced (serious) lesion in the index biopsy.
Because multiple lesions were common [3] , women were classified according to the most advanced lesion using the following classification, listed in order of probable increasing risk of cancer: nonproliferative lesion (risk level 1, reference group), proliferative lesion without atypia (risk level 2), and proliferative with atypical hyperplasia [lobular (ALH) or ductal (ADH), risk level 3]. Women were classified as having a non-proliferative lesion if the pathologic diagnosis was simple apocrine metaplasia, cysts, periductal mastitis/duct ectasia, mastitis, simple fibrosis, squamous metaplasia, or simple fibroadenoma. Women were classified as having a proliferative lesion if the pathologic diagnosis was simple adenosis, sclerosing adenosis, apocrine adenosis, mild or moderate/florid usual or apocrine hyperplasia, papilloma, complex fibroadenoma, or radial scar. When ADH or ALH was present with other pathologic lesions, a woman was classified in the proliferative-with-atypia category.
Ascertainment of subsequent progression to breast cancer from BBD (breast cancer cases) was accomplished through examination of tumor registries of HFHS, the Detroit SEER registry, and the State of Michigan cancer registry. Follow-up on women who did not develop cancer was obtained from the National Death Index, Equifax/ ChoicePoint locator service, and HFHS databases. Cancer outcome in women with BBD was defined using AJCC staging definitions and SEER summary stage. Women in any of the tumor registries with a diagnosis of carcinoma in situ (stage 0) or invasive cancer (stage 1-4) were classified as having cancer [3] .
Design of the nested case-control study The median time from the original biopsy to the diagnosis of breast cancer for the cohort was 7.19 years (mean 7.61 years; 95% CI for mean: 6.98, 8.24) [4] . Once a case (breast cancer) was identified, three controls were matched to each case using the initial BBD diagnosis date (within 30 days of the case diagnosis date) as the matching variable. Originally, selected controls that developed breast cancer (cases) remained in the study as both controls for the specific case and as cases with additional matched controls.
Risk factor variables
Risk factor information related to the development of breast cancer was collected for subjects in the case-control cohort through questionnaire administration and medical record abstraction. The initial working draft of the questionnaire was evaluated for its cultural appropriateness and comprehensiveness by a focus group of AA participants [18] .
Demographic, medical/clinical, and histopathologic risk factors made up the 34 variables listed in Supplemental  Table S1 .
Statistical methods
Logistic regression, adjusting for case-control clusters was performed. The analysis process began with testing each individual risk factor for progression to BC, including individual risk factors by race variable interaction, followed by multivariable modeling. Any individual risk factor and/or the risk-factor-by-race interactions with Pvalue \ 0.10 was included in the multivariable model selection process. A forward step-wise model selection was used and two-way or three-way variable interactions were considered only if the variable or variable-by-race interaction was significant (P-value \ 0.05) in a multivariable model. The final model included variables or variable interactions with P-value \ 0.05. Odds ratios (OR) and the 95% confidence limits (CI) were calculated for variables or variable interactions.
Results
From the original cohort of 5,354 women, 4,970 women were eligible for pathologic assessment (Fig. 1) . A total of 872 subjects, drawn from the pool of 4,970 were included in the case-control study of which 218 were cases. Twentyseven percent of the cohort was AA and 70% CA. Among AA women (n = 238), 58 (27%) were cases and 180 (27%) controls. Race distribution of the cohort was as follows: AA: 238 (58 cases {27%} and 180 controls {27%}), CA: 608 (156 cases {71%} and 452 controls {69%}), other: 24 (4 cases {1.8%} and 20 controls {3%}), missing race: 2 (controls). Of the 4,970 women, 433 (8.7%) had no BBD lesion on histopathologic review of BBD biopsy slides. Of the 433 women, 53 (6%) were in the case-control cohort, of whom 37 were controls and 16 were cases.
The overall median length of follow up for this nested case-control cohort (n = 872) was 10.37 years (mean = 10.32, SD = 5.19), compared to 10.66 years (mean = 10.6, SD = 4.9) in the larger BBD cohort study [3, 4] . Fourteen (2%) of the originally selected controls developed breast cancer.
Individual risk factors (34 variables), including the proportion of cases and controls by response, odds ratio, 95% CI and P-value are presented as a supplemental table. The seven individual variables-by-race interactions that showed P values \ 0.10 included age, hormone replacement therapy, menopausal status, fibrosis, squamous metaplasia, ADH, and phyllodes tumor (Table 1) . Eight additional individual variables, (Table 1) , including occupational history, contraceptive use, cysts, fibroadenoma, hyperplasia without atypia, papilloma, ALH, and lesion risk level also had P values \ 0.10 and were included in the initial multivariable model. The final multivariable model (P \ 0.05) retained lesion risk-level, fibroadenoma, and the interaction of race-by-age category (50 or under, and over 50) ( Table 2) .
Women with proliferative lesions (no atypia, risk level 2) were 1.7 times more likely to develop BC compared to patients with non-proliferative lesions (OR = 1.7, 95% CI 1.13, 2.42, P = 0.009). Patients with atypia (risk level 3) were 3.75 times more likely to develop BC compared to patients with non-proliferative lesions (OR = 3.75, 95% CI 1.99, 7.06, P \ 0.001). The average age of women with fibroadenoma was 43.8 years compared to 49.4 years for BBD women without fibroadenoma. The presence of fibroadenoma was protective against breast cancer. The odds of breast cancer were approximately 35% lower among patients with fibroadenoma as compared to women without fibroadenoma (OR = 0.65, 95% CI 0.46, 0.94, 
P = 0.020). The interaction of age and fibroadenoma was not significant (P = 0.240). The interaction between race and age was significant after adjusting for lesion risk-level and presence of fibroadenoma. AA patients who were 50 years or older were 2.28 times more likely to develop breast cancer than non AA patients who were less than 50 years old (OR = 2.28, 95% CI 1.34, 3.88, P = 0.002).
Discussion
The pathologic characteristics of specific types of benign breast disease have clarified our understanding of the risks of subsequent breast cancer [2] [3] [4] 8] . The interaction of other possible promotional factors of BC in the presence of BBD has been examined predominantly in homogenous CA populations [2, 9, [11] [12] [13] [14] [15] [16] . The availability of the Detroit BBD cohort, drawn from a multi-ethnic population with nearly 28% of AA eligible women, has begun to address the data gap in the AA population [3, 4, 17] . This breast cancer/case control study nested within a multiethnic primary care population with BBD evaluated 34 demographic, histopathologic, and epidemiologic potential risk factors. Interaction of age and race, lesion risk-level, and fibroadenoma emerged as significant predictors for progression to BC from BBD. Lesion risk-level conferred increased risk; in contrast, fibroadenoma was associated with a reduced risk for progression to BC from BBD. No three-way interaction was detected between race, age, and presence of fibroadenoma (P = 0.293). Current understanding of BBD in the AA population is limited. AA women are known to be diagnosed with breast cancer at earlier ages and at more advanced stages, and to experience a 15% higher mortality than Caucasians [6] . In this multi-ethnic nested case-control study, over 27% of BBD women were AA, 70% were CA and 3% were non-AA and non-CA. There were approximately 2.7 CA cases of breast cancer for every 1 AA case and 2.5 CA controls for every 1 AA control.
To our knowledge, this is the first study to report an interaction of race and age as a promotional factor in the progression of BBD to BC. AA women with BBD who were 50 years or older were 2.28 times more likely to develop breast cancer than the reference group of non-AA BBD women who were less than 50 years old (P = 0.002, Table 2 ). Non-AA women who were over 50 years old and predominantly CA did not differ significantly from controls. The cutoff at age 50 was an attempt to group women as premenopausal (\50 years) or postmenopausal (C50). Our two previous reports [3, 4] on the parent BBD cohort from which this nested case-control cohort was drawn did not find an interaction of age and race. One explanation is that the case-control selection resulted in the separation of a slightly different subset and may have contributed to the age/race interaction recorded for the nested cohort.
The importance of age as a predictor of breast cancer risk for older women is supported by other recent studies [3, 4, 17, 19, 20] . The current assumption that cancer results from a multi-step, progressive accumulation of destabilization events is consistent with the expectation of age-related increase in our cohort [3] . The observation that older women are more likely to present with atypia can be offered as evidence of a temporal, morphologic continuum in the progression of breast cancer from precursor benign lesions. Support for the latter is also strengthened by the cumulative breast cancer incidence by type of lesion upon follow-up. Previously, for the parent BBD cohort, we reported that at 5 years of follow-up no significant difference in risk between women with nonproliferative lesions or with proliferative lesions without atypia was observed, even though the risk was four times higher for women with atypia [3] . At 10 years of follow-up, however, cumulative breast cancer incidence was significant for both women with proliferative lesions without atypia and women with atypia.
The rate of lobular involution in women in AA women may be worthy of investigation. As women age, the lobules in their breasts undergo involution or regression [21, 22] . A recent study [23] suggested that involution may contribute to slowing in the rate of increase of breast cancer among women older than 50 years, based on earlier speculation by Henson and Tarone [24] . In the predominantly CA Mayo Benign Breast Disease Cohort, lobular involution was associated with reduced risk of breast cancer. A definite increase in the process of involution was noted at approximately age 50 (with complete involution present in 5.8% of women aged 40-49 years and in 21.6% of women aged 50-59 years) [23] .
Of the 4,970 women in the parent BBD cohort, 433 had no BBD lesion on histopathologic review of BBD biopsy slides. The risk for progression to BC in this group of women, 53 of whom were in the case-control cohort (37 controls, 16 cases), although slightly higher (OR = 1.72, 95% CI, 0.92, 3.19) than in the proliferative group (OR = 1.66, 95% CI, 1.13, 2.42, P = 0.009), did not attain significance at P = 0.05, when compared to the nonproliferative reference group. The presence of AH in a BBD biopsy conferred higher risks (OR = 3.75, 95% CI 1.99, 7.06, P \ 0.001) which corroborates other studies indicating that the risk of developing breast cancer is directly related to the degree of epithelial atypia [2, [11] [12] [13] [14] 16] . We have previously reported that, at 10 years of follow-up in the cohort of 4,970 women, cumulative breast cancer incidence was significant for both women with proliferative lesions without atypia and for women with atypia [3] .
In this study, women with fibroadenoma were significantly younger than women without fibroadenoma, a finding consistent with previous studies [25] [26] [27] [28] . The average age of women with fibroadenoma and BBD women without fibroadenoma was below 50 years. We found no interaction of age and fibroadenoma (P = 0.240), indicating that the effect of presence or absence of this lesion on progression to cancer in women with BBD, may not be age dependent. There is controversy over whether fibroadenomas mark an increased risk for subsequent breast cancer. In this study, the presence of fibroadenoma, regardless of its status as a nonproliferative or proliferative lesion, was protective against BC progression (OR = 0.65, 95% CI 0.46, 0.94, P = 0.020). A separate analysis indicated that the risks of developing cancer among women with fibroadenoma either as a proliferative or non-proliferative lesion were nearly the same when compared to women with no fibroadenoma as a reference group. Our findings are in conflict with the Nashville group report [25] of fibroadenoma as a long-term risk factor for breast cancer. That study indicated that even among women with fibroadenoma who have no evidence of proliferative disease, breast cancer risk increased 40-90% over an average of 22 years of follow-up. Risk was increased in women with complex fibroadenomas, proliferative disease, or a family history of breast cancer [25, 29] . In our study, the median length of follow-up of 10.37 years was half that of the Nashville study. However, one recent study drawn from the New Mexico Tumor Registry, reported that fibroadenoma, grouped as a low-risk category with other proliferative lesions without atypia such as hyperplasia and adenosis, did not show an association with subsequent breast cancer development [30] . Another, found a low incidence of malignancy in complex fibroadenomas at a mean follow-up of 2 years [28] . Several studies indicate that risk factors associated with promotion of breast cancer, do not operate for benign breast disease and breast cancer [20, [31] [32] [33] [34] . Several risk factors including exogenous estrogens [35, 36] , postmenopausal exogenous female hormone use [37] , relation to nulliparity, ages at menarche and birth of first child, age at artificial menopause [35] , coffee consumption in the presence of fibrocystic breast disease [38] , and alcohol consumption [20] , did not appear to increase risk of breast cancer in women with benign breast disease. Therefore, the distinction of BBD subsets with differing risks is clinically important. This large multiethnic study found only the interaction of race and age, lesion risk-level, and fibroadenoma as significant predictors of BC progression. Women with fibroadenoma were less likely to progress to BC, irrespective of whether the fibroadenoma lesion was nonproliferative (simple) or proliferative (complex). Race, as a single variable, was not a factor, supporting previous findings that the risks associated with progression to BC from BBD do not differ across races [3, 4] .
In summary, fibroadenoma is protective against BC; age and race interactions, and BBD histology are the prime risk factors for breast cancer from BBD.
